Candida is an important nosocomial lower urinary pathogen in human intensive care units. 10 Some isolates of Candida are resistant to antifungal drugs. A newly recognized multidrug-resistant species, Candida auris, occurs in human healthcare environments in India and threatens to be an important public health risk. 11 Risk factors for candiduria in human patients include older age, female sex, diabetes mellitus, antibacterial drug use, urinary tract obstruction, urinary tract surgery, and urinary catheters. 12 In case series of small animals with candiduria, reported comorbidities included diabetes mellitus, antibiotic use in the preceding 30 days, immunosuppression, and lower urinary tract disease. 2, 3 However, to date no case-control studies have been conducted to identify risk factors for the development of candiduria in dogs or cats and how they differ from risk factors for bacteriuria.
The objective of this study was to perform a retrospective casecontrol study to identify potential risk factors associated with candiduria in dogs and cats. We hypothesized that risk factors for development of candiduria would include previous antibacterial drug administration, other lower urinary tract diseases including those requiring urinary catheter placement, immunosuppression, and diabetes mellitus. 
| METHODS

| Case selection
| Control selection
To identify risk factors for candiduria in dogs, 2 sets of 4, temporally matched control dogs were identified for every dog identified with candiduria. The first set of controls were dogs that had a positive aerobic bacterial culture of urine collected by antepubic cystocentesis.
These dogs were selected by identifying 2 dogs with positive aerobic bacterial urine cultures submitted both immediately before and immediately after the dog with a positive urine culture for Candida. In instances when controls were the same for 2 dogs with candiduria (as a result of diagnosis within a short time frame), the subsequent dog that was identified with a positive bacterial urine culture was selected as an alternative control. The second set of controls were dogs with a diagnosis of cutaneous Malassezia infection based on cytologic evaluation, and again the 2 dogs diagnosed immediately before a dog with a positive urine culture for Candida, and the 2 dogs immediately afterwards were selected. To assess potential risk factors for candiduria in cats, only controls with positive aerobic bacterial culture of the urine were identified, because of the relatively low number of cats seen at the VMTH with cutaneous Malassezia infections. 3 | RESULTS
| Statistical analysis
| Dogs with candiduria
Eighteen dogs with candiduria without suspected systemic infection were identified. Three species of Candida were isolated, C. albicans, C. glabrata, and C. tropicalis, with the majority being C. albicans and Length of hospitalization before diagnosis ranged from 1 to 26 days with an average of 11 days. One dog had been diagnosed with diabetes mellitus (Table 1 ).
In the bacteriuria control group (n = 72), ages ranged from 1 to 15 years (median 6 years) and body weights ranged from 3.6 to (Table 1 ).
In the Malassezia control group (n = 72), ages ranged from 1 to 15 years (median 6 years) and body weights ranged from 3. 
| Cats with Candiduria
Eight cats had candiduria. Fungal isolates were C. albicans, C. glabrata, C. tropicalis, and C. parapsilosis. Breeds included 6 domestic shorthairs, Comparison of the cats with candiduria to the control population identified 2 significant potential risk factors for candiduria (Table 2) :
antibacterial drug administration in the last 30 days (OR 15.7, 95% CI 1.9-132.4) and lower urinary tract disease/intervention (OR 6.7, 95% CI 1.6-27.9). Diabetes mellitus, immunosuppressive therapy, and hospitalization at the time of diagnosis were not found to be significant potential risk factors in this population.
| DISCUSSION
In this study, 26 dogs and cats with urinary candidiasis were described and risk factors for candiduria were identified including administration of antibacterial drugs in the 30 days before diagnosis, immunosuppression in dogs and lower urinary tract disease other than infection in cats.
In the study reported here, 4 species of Candida were isolated from dogs and cats. Most dogs and cats were infected with C. albicans, which is consistent with previous reports that describe this species as the predominant Candida species causing infection in dogs and cats. [5] [6] [7] 13 In dogs with candiduria, there were nearly equal numbers of C. albicans and C. glabrata infections (44% and 40%, respectively). Candida albicans is the most common species in dogs, cats, and humans with candiduria. 2, 3, 12 However, previous veterinary studies reported the second most common isolate as C. tropicalis, which only represented 12% of the isolates in this study. 2, 3 Some human epidemiologic studies have shown a higher prevalence of C. glabrata infections when compared with C. albicans infections in immunosuppressed populations. 14 Over half of the dogs in this study had some form of immunosuppression which might be 1 reason for the increased incidence of C. glabrata in this population; however, further investigation into this finding is warranted. The relatively large number of C. glabrata isolates in this study highlights the need for full yeast identification as this species is often resistant to fluconazole. 15 To assess for candiduria risk factors, 2 control groups were utilized in this study. The first were dogs and cats that were diagnosed with bacteriuria based on aerobic urine culture. Risk factors for the development of bacteriuria have been evaluated previously. 16 This control group allowed assessment of potential risk factors for development of candiduria compared to bacteriuria. The second control group was made up of dogs that were diagnosed with Malassezia spp. In the study reported here, diabetes mellitus was not found to be significantly associated with candiduria in dogs when compared to either control populations, and immunosuppressive treatment was only found to be significantly associated with candiduria in dogs when compared to control dogs with Malassezia. One explanation for the lack of a significant association is that diabetes mellitus and immunosuppressive drug treatment might also be underlying risk factors for
Malassezia infections and bacteriuria. Another reason is that the study lacked sufficient power to demonstrate a significant association for these variables.
German Shepherd dogs have been identified as a breed predisposed to disseminated fungal infection, which is thought to be because of an immune defect. 29, 30 There was no significant association with German Shepherd breed when compared to either controls with bacteriuria or controls with Malassezia. This might indicate that the susceptibility to disseminated fungal disease in German Shepherd dogs does not extend to localized mucosal fungal infections including candiduria.
Cats with candiduria were more likely to have other lower urinary tract disease or urinary interventional procedures than controls with bacteriuria, but this was not the case for the dogs. Perineal urethrostomy or urinary catheter placement bypasses local defense mechanisms and can lead to opportunistic infection. Urinary catheter placement is also a known risk factor for candiduria in people.
19,31
The primary limitation of this study is the low number of animals, which impacts the precision of the findings. The cases were animals that had been treated by a single referral center in California, which might not represent the wider population in this area or in other regions. Retrospective studies are inherently limited by the medical record that is available, with concern that the record might lack important details. Prospective multicenter studies are needed to further assess the risk factors for development of these opportunistic infections and response to available treatment.
This study identified immunosuppression and administration of antibiotics within 30 days as factors associated with risk of candiduria in dogs. Antibiotic administration in the preceding month was also associated with risk of candiduria in cats, as was lower urinary tract disease or catheterization. Antibiotic administration was identified as having the strongest association in these populations.
